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EXECUTIVE SUMMARY

Terrestrial ecosystems containing intact soil cores have shown
effective utility for evaluating vertical migration of hydrocar-
bon chemicals in scil. Sampling probes containing selective ad-
sorbants have demonstrated that the hydrocarbon components of jet
: fuels can be recovered for analysis. Gas chromatooraphic tech-
. nigues are very sensitive for tracing and quantifying hydrocarbon
movement in the soil cores., Soil microarthropods are very sensi-
tive organisms for testing the toxicity of jet fuel components.
Carbon dioxide evolution into the headspace above the jet fuel
treated soil cores increases and may be an indicater of stress to
soil flora and fauna. The paths and rates of transport of aqueous
leachates through soil cores change dramatically with time because
of fauna borings and tunneling as well as by other physical causes,
The hydrocarbon components of jet fuels migrate to varying depths
and quantities independent of one another and appear to be inde-
pendent of aqueous leachate movement. Microbial degradation of
Model JP-5 jet fuel appears to have occurred in culture flasks
containing jet fuels inoculated with cultures of soil organisms,

) )
TEST SYSTEM DEVELOPED \\\/*

+ Model terrestrial ecosystems were designed and evaluated.
«+ Intact soil cores were obtained for tests.

Sampling systems were designed using lateral probes at
10-cm vertical core depths.

+ Hydrocarbon adsorbents were used in sampling boats for
recovery of hydrocarbon components.

TESTS PERFORMED

+ Shale-derived jet fuel JP-4, Model JP-5 and hydrazine wvere
evaluated for fate in terrestrial ecosystems.

+  Jet fuel components were tested for migration and degrada-
tion in soil.

- Hydrocarbon components were sampled at different depths in
soll cores.
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Gas chromatographic analyses of recovered hydrocarbons were
performed.

Microbial degradation studies were performed.
Acute toxicity studies wvere performed on jet fuels.
Microbial mutagenicity tests of jet fuels were performed.

Microarthropods were used as indicators of jet fuel tnxicity
to biota in soil cores.

carbon dioxide evolution into core headspace vas used as an
indicator oI stress to biota of ecosyatem.

Agqueous leachate quantities were measured at various depths
to study transport mechanisms.

Jet fuels were evaluated in outdoor and indoor soil core
ecosystems,

RESULTS

Poth JP-4~ and JP-5-dosed cores initially show a stressed
condition as indicated by an increased rate in CO; produce

tion followed by a rate of CO, production comparaktle with
the controls,

JP-4 and JEF-5 jet fuels have low acute cytotoxicity uning
cultured rodent and human cells.

Jp-4 is mutagenic to one Amas bacterial strain,

JP=5 is very toxic to soil microarthropods at doses of
6.6 mL/ft? and 3.3 mL/ft?. Possible alterations in giowih
processes could he occurring.

S0il microbes are able to degrade Ji-b% in cultures inocu-
lated with soil organisms.

Movement of JF=-% in the laboratory occurred to a depih of
50 cm with the majority of hydrocarbons being transpoyted
in the first 10 cm. Hydrocarbon components did not persist
past the 131st day of the experiment.

The outdoor %0il core showed movement of Ji~b Lo a 30~-cm
depth. The majority of the fue)l hydjocarbons were mearn at
10, 20, and 30 cm. Up to the 173rd day of the expariment
hydrocarbons were detoctable in the cores.
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The core dotied with JP-4 showed hydrocarbon movement. down
to 50 cm. Only a few hydrocarbons were present at this
depth.

water Jeachate quantities and depthe of transport varied
considerably among all cores tested.

Water leachate volumes recovered appear to be independent
of hydiocarbon leachate quantities.

Hydrazine was not found to migrate into soil cores.
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1. INTRODUCTION

i.1 BACKGROUND

Many man-made chemicals or chemicals related to man's activity

are potential hazards to human heaith and to the welfare of other
biological organisms when released into natural terrestrial and
aguatic ecosystems. To assess the impact of these compounds and
future materials, cost-effective yet valid laboratory methods
using model ecosystems have been investigated by many researchers
(see the bibliography). No one ideal system has been identified;
however, specific systems for specific compounds have been identi-
fied by the research efforts of these scientists.

This research program is designed to develop methodology to aid
in the prediction of the fate and biclogical effects of released
foreign materials on soil surfaces and to assess their fate and
migration through the soil and into the groundwater. The intent
of this research is to develop a valid approach using a labora-
tory system to assess the fate and effects of test chemicals
before they are widely used in the environment.

In order to assess the effects of these chemicals in the environ-
ment, factors which could impair the ecological welfare of living
organisms were identified. The quantity of material and its de-
gree of toxicity, mutagenicity, biodegradability, mobility, persis-
tence, and biocaccumulation are such factors considered significant
in the assessment of potential damage to the environment. Our
model ecosystem is designed to accommodate the monitoring of such

factors.

The first year of investigation was devoted primarily to develop~
ment of both a laboratory system and a protocol for performing
actual environmental fate experiments of specific materials {1].
Some initial experiments were performed to test the system and to
develop test procedures rather than to acquire final test data.

[1] Ross, W, D., Hillan, W. J., Wininger, M. T., McMillin, C. R.,
Gridley, J. A., Kebe, §. C., Aubuchon, J. J., Spillman, J. E.,
Gohmann, C. M., and Hughes, G. A. Environmental fate and bio-
logical conseguences of chemicals related to Air Force activ-
ities. Dayton, Chio; Monsanto Research Corporation; September
1980. 33 p. Contract F49620-79-C-0207, Report No. MRC-DA-1000.
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In the second year of study (2], modification of equipment, re-
finement of experimental procedures, and evaluation of the wsoil
ecosystems using JP-4 jet engine fuels were performed. Further
analytical data involving a model JP-5 and hydrazine were gener-
ated in the final year of study. All areas of study are covered

in detail in this report.

1.2 OBJECTIVES

The specific objectives of this research program were to:

Develop a valid protocol for assessing the environmental
effects of chemicals related to Air Force activities in a
laboratory terrestrial ecosystem to provide information for
preparation of effective environmental impact statements.

L)

bt il kb i,

Develop and evaluate a laboratory model terrestrial ecosysten
that can be used to determine the effects of these materials

on soil biota.

Develop in situ sampling systems that will permit the effi-
cient recovery of hydrocarbon components and/or their degra-
dation products as a test material progresses through an !

intact soil core in the ecosystem.

Assess the bioactivity of these products and metabolites for
health and ecological effects as the test material moves i
|

through the model ecosystem.

R VP T T e
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Chemically characterize the bioactive components by instru-
mental analytical methods. :

Finally, validate the test system by field studies. ;
f

Ross, W. D., Hillan, W. J., Wininger, M. T., Gridley, J. A..
and Fullenkamp, J. M. Environmental fate and biological

consequences of chemicals related to Air Force activities. ,
Dayton, Ohio; Monsanto Research Corporation; September 1981. f
S0 p. Contract F49620-79-C-0207, Report No. MRC~DA~-1092.

(2]




2. EXPERIMENTAL

2.1 DESIGN AND FABRICATION OF MODEL ECOSYSTEM

Many investigations have been performed by other researchers
using variations on laboratory terrestrial ecosystems (see bibli-
ography). Many of the test systems and procedures use standard-
ized soils, binta, and meteorological conditions. Because of the
complexity and variety of different soil and water ecosystems in
nature. we have chosen to investigate the problem using a more
empirical approach where the actual site of potential spills is
simulated in the laboratory. This was done by acquiring soil
cores +nd meteorological history from the site of concern. These
experimental conditions were used to mimic the field conditions as
closely as possaible.

A prototype laboratory~model terrestrial ecosystem was designed
and fakricated as shown in Figure 1. Several ecosystems are
shown set up i1n the laboratory in_Figure 2. The material of con-
struction was polyvinyl chloride,” which proved to have the ex- ,
cellent physical strength properties required for filling with i
intact sci1l cores. The material is also transparent, permitting

visual observation of the iIn situ soil core. Models are shown e
set up in the laboratory in Figure 2.

e e

Concern over the potential bioactivity of tne polyvinyl chloride,
polymeric material led to an evaluation of smalil fragments (25 ug)
of the material for mutagenicity using the Ames micrebial test.
Pcute cytotoxicity was also evaluated using the CHO c¢lonal assay.
No biocactivity was seen in either bioassay.

B T e

The original ecosystem models are 1 m bich and 1¢ ¢m in diameter
with a wall thickness of 0.5 cm. Removable top and bottem caps

are fabricated from polyvinyl chloride. The top has a 1/4-inch
Swagelok fitting for positioning the 100-mL water/sample reservoir.
1t contains a stainless steel water-~distributing system for simu-
latang rainfall cn the surface of the soil core. Figure 3 is a
photograph of the water distribution system inside the top cap. :
Tne bottom also contains a l/4~inch Swagelok fitting for the exit
of agueous leachate.

e e mm e

The body of the system contains seven, 2-cm-diameter sampling
ports at 10-cm vertical intervals, oriented 60° apart. Male
Swagelok fittings made of 316 stainless steel, are threaded into
the lower six ports to accommodate 1.2~-cmn-diameter stainless steel
prones. The probes are hollow tubes 18.5 cm long with pointed
tips that a2llow insertion into the soil core (see Figure 4). A
nole, 1 cm in diameter, is located 1 cm from the tip of each probe

s -

A wcellon~-R=2000, purchased from Dayton Plastics, Dayton, Ohio. ;
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Figure 4. Sample probe assembly.

to allow passage of leachate into the probe and out the distal end.
Teflon tubing fitted over the distal end allows collection of leach-
ate in French square bottles.

The hollow probes accept sampling boat inserts designed to contain
adsorbent materials. The sampling boats, machined from l-cm-diameter
stainless steel rods, have 1.8-cm by 0.7-cm ports cut through their
diameters (see Figure 5). Stainless steel screens positioned on
either side of each port hold 1.25 cm® of XAD resins or other ad-
sorbents in place. The leachate flowing into the sampling probe

can flow freely through the sampling material and out the probe

tube. Each sampling boat is threaded onto the end of a stainless
steel rod 3 mm in diameter and 23 cm long.

The top port in the system contains a 1/4-inch (0.6~cm) male,
stainless steel Swagelok fitting and within it is a Teflon/
silicone septum. A 1,/4-inch (0.6-cm) female fitting is coupled
firmly over this septum. This port enables a gas-tight syringe

to be inserted through the septum and headspace gases removed for
subsequent injection into the gas chromatograph. Further descrip-~

tions of headspace gas analysis by this method and an alternative
method are presented in Section 2.4.5.

2.1.1 Modification of Initial Ecosystem Design

Several changes in the initial design of the system were deemed
necessary after evaluating the ecosystem. First the sampling
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Figure 5. Sample probe sampling boat
containing adsorbent inserts.

probes of the latest ecosystem design have been modified by plac-
ing the probes at a slight downward angle (10° below horizontal)
to facilitate immediate flow of leachate to the sampling bottles.
Prior to this change, leachate would occasionally fill up the
probes because of surface tension before running out, causing
misreading of leachate migration rate data.

The sampling probe and inserts were also made, as shown in Figure
This modification (Figure 6B} addressed a need for the option of

permitting aqueous leachate to pass through the adsorbent for re-
covery of organic compounds without impeding the flow of water to
lower soil depths. The initially designed probe (Figure 6A) per-
mits shunting of the leachate laterally to the ocutside for moni-

toring flow rates and volumes. Depending on the particular study
required, either option is now available.

In preparation for monitoring headspace vapors above the soil
cores, ecosystems were shortened to reduce headspace. The origi-
nal 100-cm tube was cut to 75 cm. This modified ecosystem aids
in the concentration of volatile components into a smaller head-
space volume. Volatile degradation products or volatile compo-
nents of the test material are then recovered and analyzed.

2.1.2 Soil Core Placement in Ecosystem

In preparation for filling the laborato

Ty system models {the
polyvinyl chloride tubes) with intact so

Cco
il cores, trenches 4 ft
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TOP

SIDE

A. INITIAL DESIGN

TOP

SIDE

B. MODIFIED DESIGN

Figure 6. 1Illustration of sampling probe. A - original
and B - modified design.
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by 1 ft by 3 ft deep (121.9 cm by 30.5 cm by 91.4 cm) were dug in
the soil adjacent to the site where the cores were to be taken.
The uncapped tubes were placed on end about 1 ft from the edge of
the hole, and a 2-ft-long (6l-cm) 2 in. by 4 in. (5.1 cm by 10.2 cm)
soft pine board was placed across their tops. A sledge hammer
was usel *y drive the tubes into the soil to a depth of 73 cm.
The tops were then pushed laterally back and forth, freeing the
tubes containing the intact cores. Later, cores were obtained by
driving the tubes into the ground at desired depths. Then holes
were dug with a post hole digger adjacent to the filled tube.

The bottom caps were put in place and the ecosystem models were
taken into the laboratory.

2.2 DEVELOPMENT OF TESTING PROCEDURE FOR EVALUATING THE FATE
OF MATERIALS

2.2.1 Evaluation of Prototype Model Ecosystem

Test procedures were investigated for determining the optimal
method for evaluating the chemical transformation of test materi-
als. 1Included are the extent and rate of transport through the
so1l core using simulated rainfall.

Initial studies involved the gravitational transport of 100 mL of
water added to the top of the soil core by the water distribution
system. Dry filter paper was placed in the probes and the time
was recorded as each probe filter paper was wetted and as the
water leachate began to run from the bottom of the ecosystem.

The total time was about 4 hours. This indicated that little or
no channeling was occurring at the soil/tube wall interfaces.

Additional preliminary work included use of a 100-mL aliquot of a
solution of crystal violet (used as a visible tracer) to deter-
mine the sampler and adsorbent vecovery efficiencies as well as
the flow characteristics through the sampling probe and sampling
insert. The sample was added by the sample distribution system.
Samplers containing XAD-2 resin were inserted at 10, 20, 30, 40,
and 50 cm below the soil surface. The 10- and 20-cm probes re-
tained enough crystal violet tc color the XAD-2. The lower probes
and bottom leachate had no visible color.

Based on the results described above, the laboratory ecosystem

was evaluated for (1) functional properties of the water distri-
bution system, (2) water transport and permeability properties of
the soil core, and (3) functional properties of sampling probes
and adsorbents. Following the favorable outcome of the laboratory
transport studies in our model ecosystem, efforts were then con-
centrated on th= development of a leachate concentration method;

a mechanism foxr studying stress and equilibration, and development
of an analytical scheme.
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2.2.2 Appropriate Method for Leachate Concentration

The potential toxic metabolites and degradation compounds are
dilute in many of these studies, especially as the materials
progress through the core, Therefore, it was essential to con-
centrate the materials for both bioactivity testing and chemical
characterization. Three methods of concentration were investi-
gated: adsorption, reverse osmosis (RO), and lyophilization. The
XAD-adeorption methodology was determined to be the most useful
method for collecting samples Jn situ and also for concentrating
organic materials in the leachate. The other two techniques were
evaluated for potential use in concentrating larger amounts of
lecachate av it passed through the ecosystem.

The adsorbent. uged in the adsorption study was Rohm and Haas
Amberlite MAD-2, a lov polarity styrene-divinylbenzene copolymera
which possecssos the macroreticular characteristics necessary for
high sorptive capacity., 1ts recovery efficiencies have been de-

termined for over 80 organic compounds in water by Junk, et al. [3].

In this study, submutagenic amounts of acridine orange (170 ppb)
wore added Lo wastewater and passed through XAD-2 resin.

Figuie 7 shows the apparatuc used. The XAl was then desorbed
with % mL of dimethyleulfoxide (DMSC), and the recovered material
was applied to an Ames mutagenicity test. The concentration fac-
101 was calculated to be 198 t.imes and the material gave a posi-
t.ive 1esponse in the Ames test.

Fuithe: experiments were performed to find the most efficient ad-
sorbent for use in the sampling probes. Rohmn and Haas macroretic-
ula; XAD resing are well recognized as very yood adsorbents for
or1ganic materjals in agueous systems. Some XAD materials are more
efficient in the recovery of specific organic chemical classes
than others, and we evaluated XAD-2, -4, -7, and -8 seeking the
Lest adsmorbent for the recovery of shale-derived JP-4. The XAD-7
adsorbont. was found to be most efficient in recovering JP-4 from
agueous solutiong, and wag welected to be used throughout the jet
fuel investigation.

Aamberlite XAD Macroreticular Adsorbents, Rohm and Haas Research
Livision, Philadelphia, Fennsylvania.

{3) Junk, G. A., Richard, J. J., Grieser, M. D., Witiak, D.,
witiak, J. L., Arguelle, M. D., Vick, K., Svec, H. J.,
Firtz, J. ., and Calder, G. V. Use of macroreticular resins
in the analysis of water for trace organic contaminants.
Journal oi Chromatograpny. 99:745-702, 19%74.
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Figure 7. XAD concentration evaluation apparatus.

Similar approaches were used to evaluate lyophilization and reverse
osmosis techniques for concentrating larger amounts of leachate
materials recovered from the soil core ecosystem. These two con-
centration techniques are usable but require much processing time
and entail the use of more expensive equipment. Figures 8 and 9
are photographs of the test equipment used.

2.2.3 Determination of a Mechanism for Studying Stress and
Equilibration

To aid in the assessment of the indirect effects of chemical stress
on the biota and to determine the adjustment of the biota to the
laboratory conditions, the concentrations of calcium in the leachate
and carbon dioxide in the headspace were monitored. At the end of
the 3-week equilibration time, the trend was linear and the cores
were ready for treatment by the test material.

Calcium, dissolved in the leachate from the ecosystems, was meas-
ured by sequestering it with disodium dihydrogen ethylenediamine
tetraacetic acid (EDTA) and titrating {4)]. The titration end

[4] Calcium-method 215.2 (titrimetric, EDTA). In: Methods for
chemical analysis of water and waste. Cincinnati, Ohio; U.S.
Environmental Protection Agency; March 1979. p. 215.2-1
through 215.2-3. EPA-600/4~79-020.
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Figure 8.

Lyophilization apparatus evauated
for concentration of leachate.

Figure 9.

Reverse osmosis apparatus evaluated

for concentration of leachate.
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point is detected by means of an indicator, eriochrome blue black
R, which combines with calcium alone. The titration is performed
by adjusting the pH to 12 with 1 N sodium hydroxide. The indicator
is added with continuous stirring until an end point is reached.

Carbon dioxide in the headspace gases was measured to assess the
equilibration of cores; i.e., stabilization to laboratory condi-
tions, prior to treatment with a test compound. Carbon dioxide
evolution is an indicator of biota activity and equilibration is
assumed when a constant evolution is indicated. Carbon dioxide
was also measured after treatment of the cores with test materials
to note changes in headspace content, which were used as an indica-
tor of stress to the biota or changes in metabolic activity of the
organisms in the soil. It was decided that the change in carbon
dioxide would be used as a determination of equilibration and
stress. This was based on the ease with which data could be ob-
tained. Calcium analysis reguires leachate to be collected, which
is not always possible with this test system.

2.2.4 Groundwater Simulation

Variations in groundwater could possibly affect lateral and ver-
tical transport of test material through the soil. Studies were
undertaken to mimic groundwater variations in the laboratory test
systems by maintaining a reservoir of water adjacent to the eco-
systems. A tube, running from the bottom of the reservoir to the
bottom part of the ecosystem, was used to supply subsurface water
to the soil coure. Groundwater levels were changed by raising and
lowering the water reservoir, simulating groundwater fluctuations.
This procedure was not incorporated into the testing protocol.

2.2.5 Analytical Scheme

The initial development of a test procedure in the first phase of
this investigation is diagrammed in Figure 10. Shale-derived
JP~4 jet fuel was used as the test material.

Figure 11 is a chromatogram of the shale-derived JP-4 jet fuel
prior to subjection to the terrestrial ecosystem. The gas chro-
matographic (GC) instrument conditions were as follows:

Chromatograph: Hewlett~Packard Model 5880A

Detector: flame ionization

Detector gases: H,;, 60 mL/min; air, 300 pL/min

Detector temperature: 200°C

Column: 6 ft x 1/8 in., stainless steel packed with 3% OV-~1
on 100-120 mesh

Column packing: Chromosorbp B WAW DMCS

Carrier flow: 40 pL/min

Temperature program: -50°C to 200°C @ 8°C/min
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Figure 10.

Initial test so0il cores prepared

\

Equilibration of cores

¥

Aliquot of test material (shale JP-4)
added to surface of ccre to simulate spill

\

H,0 added via rainfall
simulator

¥

Soil cores assayed for
microarthropods population

Leachate recovered via
sampling probes

\/

Hydrocarbons desorbed from XAD-7
sampling material with pentane

4

GC analysis of pentane/XAD extract

Comparison of chromatograms of JP-4 before
and after application to ecosystem

Biotesting of extract

\

Chemical characterization of
bicactive components

Ssuggested test procedure for evaluating shale-derived
JP~4 in laboratory model terrestrial ecosystem.

14




B e bl o ik T

Laanei 2 ol oL L

T | Bt i S
ot e

-1d [en3y
* ooe o3 uotioalqns 03 Jo011 ) .
39l wEMWmWM>Huuvanmsm jo welbojewoiys se9 11 =2anbta

[T TIPS

] (R
STy T ) s
- L_....o.h,..w AT v .n_f. L1 .,mwwk.b..ns.o c. .. 3 1% M . ,
D el e S A % R E > IR
R I SRRt at-S R TN B IRE 4 BN R ) B B AT SO
‘. , ltf...!.ﬂ. A N g : ...- , - 3 .... m
.,
_

ﬁ
A

at

b¥




Table 1 presents the data recovered from this initial analysis of
shale-derived JP-4 using the protocol described in Figure 10.
Because of the complexity of this material, only the four major
components were compared in this study. The amount of JP~4 added
to the soil surface of the ecosystem was 5 mL (or 0.06 mL/cm?).

An aliquot of 100 mL of water as simulated rainfall was first

added to the surface by the water distribution system. No agqueous
leachate penetrated the core below the second sampling probe. The
XAD-7 adsorbent contents of probes 1 and 2 were each desorbed with
2 mL of pentane 115 minutes after the addition of water to the core
surface. Three microliters of each pentane solution were injected
into the chromatograph and analyzed using the conditions described.
These data in columns 2 and 3 of the table indicate that very small
amounts of JP-4 components penetrated the top layver of soil of the
ecosystem. Five days later another 100 mL of water was added to
the surface of the core. After 3 hours the XAD-7 contents of
probes 1 and 2 were desorbed with pentane and analyzed by gas chro-
matography. Again, the water penetrated the soil only to the
depths of the first two probes. These data, recorded in columns 4
and 5, indicate that larger quantities of the .JP~4 components were
transported with the additional 100-mL aliquot of water.

TABLE 1. COMPARISON OF GAS CHROMATOGRAPHIC SEPARATED
COMPONENTS OF JP~-4 PRIOR TO TEST VERSUS RECOVERED

MATERIAL FROM ECOSYSTEM SAMPLING PROBES

Peak area from JP-4 XAD-7

GC retention recovery after H,0 addition

times of
standard 100 mL 200 mL
JP«~4, minutes Probe 1 Probe 2 Probe 1 Probe 2
16.53 - - 273 257
22.30 36 - 253 250
27.91 - 106 824 1,348
33.22 - - 122 -

The GC peak areas of components measured, also indicated a select-
ive recovery of components due either to selective adsorption or
selective transport of the JP-4 components (see variation of com-

ponents in probes 1 and 2, Table 1).

The above data were recovered from a preliminary experiment used
to evaluate the prototype laboratory model ecosystem and to aid
in the development of a test procedure. Additional experiments
have been conducted and refined and are presented in Section 2.3,
Bioanalytical Methodology, and Section 2.4, Analytical Method-

ology.
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2.3 BIOANALYTICAL METHODOLOGY

Central to this investigation was the determination of the bio-
logical consequences; i.e., toxicity to living organisms of the
etarting test material, the chemical degradation products, and/or
the biological metabolites formed as the test material progresses
through the ecosystem. The biocactivity assessment determines tox-
icity to Yiota in the soil by the test materials; i.e., ecological
effects and the potential for health effects problems. The mam-
malian cell clonal assay and the Ames mutagericity test were used
to test for health effects.

2.3.1 Carbon Dioxide Analysis

2.3.1.1 Purpose of Carbon Dioxide Analysis

As stated previously, carbon dioxide in the headspace gases was
measured to assess the equilibration of the cores; i.e., stabi-
lizaticr to laboratory conditions prior to treatment with a test
compovsil. Carbon dioxide was also measured after treatment of the
ccres w.th test materials to note the effects of chemicals on CO,
evolution in headspace gases. This method was used as an indicator
of stress to the biota and to study changes in metabolic activity
of organisnas 1in the soil.

2.3.1.2 Determination of Carbon Dioxide Evolution

The carbon dioxide evolved from the metabelic activities of biota
in the so0il was measured three times per week. Alkali traps con-
taining 5 mL of 0.8 N potassium hydroxide were suspended in the
headspace of the ecosystem. The traps were removed and titrated
with 0.3 N hydrochloric acid [5].

2.3.1.3 Effects of Dosing with Shale-Derived JP-4

Carbon dioxide evolution was monitored in each of four cores for
over a half a year. Core 9 was a control core and was not dosed.
Core 10 was dosed with 10 mL of shale-derived JP-4. Figure 12 is

a plot of the accumulated carbon dioxide evolution for both cores,
After dosing Core 10 on day 36, there was an increase in the rate
of carbon dioxide evolution from that core (as indicated in Fig-
ure 12) which became evident on day 40. Table 2 contains the run-
ning accumulation of the carbon dioxide analysis data over time

for Cores 9 and 10. These data indicate that after the increase in
rate of carbon dioxide evolution by Core 10, this core, following

[5] Titrimetric method for free carbon dioxide. 1In: Standard
methods for the examination of water and wastewater, 1l4th ed.,
1975. Washington, American Public Health Association, 1976,
p. 298-300.
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pH treatment, continues to produce CO, at a higher rate than the
control core.

2.3.1.4 Effects of Dosing with Model JP-5S

The other two cores which were monitored extensively for carbon
dioxide evolution were Cores 11 and 12. Core 11 was the control
core and Core 12 the dosed core. In this case, Core 12 was dosed
with 10 mL of Model JP-5 on day 40. Figure 13 and Table 3 indi-
cate a response similar to that of Core 10, the JP-4-treated
column.

2.3.1.5 Results

Both the core dosed with shale-derived JP-4 and the core dosed
with model JP-5 showed an increase in rate of carbon dioxide evo-
lution within one day after application. Following the increase
in CO, evolution rate, the carbon dioxide production of the dosed
cores returned to a rate almost comparable to that of the control
cores. Although carbon dioxide is a known byproduct of catabol-
ism, this iacrease in production of carbon dioxide does not nec-
essarily indicate biodegradation was taking place. It is possible
the fuels were being utilized in the metabolic pathway and carbon
dioxide was evolving as a result. However, the final stages of
metabolism might be inhibited, in which case a decrease in the
rate of the carbon dioxide formation would not occur immediately.
Additionally, it is also possible the fuels were toxic to one
species and not to another; for example, the arthropods and the
bacteria, respectively. In such a case the bacteria would thrive
as the arthopods decayed. Our soil ecosystem is a more complex
testing tool than, for instance, a respirometer, with a number of
possible factors contributing to the increase in carbon dioxide
evolutien. As such, we feel it offers a realistic approach to
enviromental effects of compounds. Its drawback is that at best
all that can be concluded is that the fuels are stressful to the
ecosystems. Additional studies would be needed to determine if
it is a positive or a negative stress to the environment. The
following biocanalytical studies are supplementary to these data.

2.3.2. Acute Cytotoxicity Testing

2.3.2.1 Assessment of Optimum Method

The acute cytotoxicity of test material products was determined
by the in vitro Chinese hamster ovary (CHO) cell clonal assay [6]

[6] Wininger, M. T., Kulik, F. A., and Ross, W. D. In vitro
clonal cytotoxicity assay for chemicals using Chinese hamster
ovary cells (CHO-Kl). Tissue Culture Association Manual.
5(2):1091-1093, 1979.
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and the mammalian cell agar overlay test [7]. The agar overlay
test has been evaluated for the application of XAD adsorbent con-
taining a known toxic material, acridine orange, and shale JP-4.
Figure 14 illustrates the direct application of the XAD material.
This test was used as a rapid spot test for toxic materials ad-
sorbed on the XAD (located in the sampling probes) to the agar
overlay test system.

Figure 14. Agar overlay mammalian cell cultures; control culture
and culture with XAD plus acridine orange.

{7] Ross, W. D., Wininger, M. T., Hare, R. J., McMillin, C. R.,
and Gridley, J. A. A sensitive in vitro agar overlay cyto-
toxicity assay for elastomers using human epithelial cells.
Presented at the 31st annual meeting of the Tissue Culture
Association, June 1-5 1980, St. Louis, Missouri.
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Initial studies to determine the optimum method for assessing
acute cytotoxicity of test materials include the evaluation of
shale~-derived JP-4, petroleum-derived JP-4, and other standard
organic compounds including chlorobenzene, phenyl ether, benzene,
aniline, and ethylbenzene, representing varioug chemical classes.
Due to its recovery ability, XAD-7 resin was used in the sampling
probes. Therefore, this material wag also used to evaluate the
direct application of petroleum-derived JP-4 and XAD-7 to the
acute toxicity test system. The procedure consisted of adding
known amounts of the organic materials to known amounts of the
recin.

In order to treat the mammalian cell test system with five in-
creasing doses of the test material absorbed to the resin, various
weights of the yegin were used. The resin particulates were added
directly to the CHO test and EC,, (effective concentration for 50%
cell survivel) was determined., Table 4 is a tabulation of the
cytotoxicity test data for petroleum~derived JP-4 on XAD-7 and
blank XAD~7 resin, Additionally, data on seven organic compounds
added directly to the CHO clonal assay; i.e., not adsorbed to XAD-7,
are also tabulated. This test demonstrated that acute cytotoxicity
of absorbed JF-4 can be assegsed directly on XAD-7 resin without
desorbing it; hovever, these data indicate lower toxicity by nearly
an order of magnitude. Thue, when incorporating the toxicity test
with the ecosystem, it would be prudent to desorb the sample with
an organic solvent before adding to the cytotoxicity test system.

2.3,2.2 Mammalian Celi Clonal Assay

The methodology chosen to determine the bioactivity of poten-
Lia)ly toxic materials is the mammalian cell clonal assay
tochnigue [6). This test is a rapid (<1 week) in vitro assay

TABLE 4. ACUTE CYTOTOXICITY DATA FOR
S'TANDARD ORGANIC TEST MATERLAL

Conmpound ECy(, HL/ML Range tested, pL/mL

Blank XAD=7 » No toxicity 2.49 - 12.45
Ji-4 tank 15 on XAD

(petrioleum-derived) 9 2.49 - 12.45
JF=-4 tank 15 (neat)

(petroleum-derived) 0.2 0.1 - 10
Jr=4 (shale~-derived) 0.2 0.1 « 10
Aniline 0.7 0.2 - 100
Benzene 1.0 0.2 -« 100
Chlorohenzene 0.% 0.2 =~ 100
Yhenyl etLher 0.6 0.2 -~ 100
Ethylbenzene 0.2 0.2 = 100

f9r-4 vLank 15mwgg adsgorbed on XAD~7 resin which was added
directly to the CHO agar overlay system,
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which used mammalian cells, both hamster (CHO-K1) and human
(D98S). The CHO cell line is nearly an ideal cell line because
of its high cloning efficiency (95%) and excellent colony-forming
properties; i.e., 1t forms tightly packed cells in discrete, eas-
ily distinguished colonies that can be counted automatically.

The cell line exhibits continucus cell line growth properties, 1is
highly sensitive to toxic materials (e.g., 50% survival of formed
colonies }EC;,) at a concentration of 0.2 pg per mL of cadmium
chloride) and shows toxicity correlation with in vivo test sys-
tems. The CHO clonal cytotoxicity test system has been validated
by the analysis of many organic compounds, environmental samples,
metal salts and khown positive standard {8-11]. The CHO clonal
nethod described here uses a colony counting end point. Results
arve rapidly quantified with an automated colony counter, and data
are reduced via a computer program.

-4, and model JF-5, using both CHO cells and D98S cells. This
a5 a direct test of the compounds without sample absorption on
-7 or desorption with a sclvent. The concentrations used are
shown in Appendix A, Tables A-1 and A-2. Table A-1 shows proc-
essed acute cytoxilcity data obtained from the computer for JP-4
(shale) using CHO~K1l cells; Table A-2 gives data from D98S cells.
Figure A-1 in Appendix A is a graph comparing cytotoxicity curves
of shale- and petroleum~derived JP~4 and model JP-5 as concentra-
tion of material added to the growth medium versus the percent
colony formation. Both cell types are represented, CHO-K1 and
D98S. The D28S cells were most sensitive to this sample. There
was little difference between sensitivity of the CHO (hamster)
cells versus the D98S (human) to the JP-4 whether derived from
petroleum or shale. 1In all cases, the relative toxicity (effective

[8)] Wininger, M. T., Kulik, F. A., and Ross, W. D. In vitro
clonal cytotoxicity assay using Chinese hamster ovary cells
(CHU-K1) for testing environmental chemicals (abstract).

In Vitroe. 14:381, 1978.

(9] Wininger, M. T., Hare, R. J., Brautigam, G. F., Hill, J. T.,
Wilson, J. D., and Ross, W. D. Determination of acute cyto-
toxicity of elemental phosphorus (P,) by in vitro clonal
assay using Chinese hamster ovary cells (CHO~K1l) (abstract)
In Vitro., 15:199, 1979.

{10] Wininger, M. T., Kulik, F. A., and Ross, W. D. Short-term
toxicity testing of chemicals using cultured animal celis.
Ohio Journal of Science. 79:70, 1979.

[11] Campbell, J. A., Garrett, N. E., Huisingh, J. L., and
waters, M. D. Cellular toxicity of liquid effluents from
textile mills. Prescnted at the Textile Industry Technology
Symposium. Williamsburg, Virginia, December 1978,
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concentration for 50% survival, ECgs) was in the low range by EPA
toxicity criteria [12]. Table A-3 illustrates the relative cyto-

toxicities determined by clonal assay of the jet fuels tested can

be readily compared to other toxic compounds.

2.3.2.3 Results

The relative cytotoxicities of shale~derived JP-4, petrocleum-
derived JP-4, and model JP~5 are all rated low by the mammalian
cell clonal assay; i.e., JP=4 at 2.2 x 10 ¢ g/mL, model JP-5 at
1.4 x 10 4 g/mL.

2.3.3 Microbial Mutagenicity Testing

The potential mutagenicity of the test material products has been
assessed with the Ames microbial test system [13].

2.3.3.1 Procedure

Testing of JP-4 in the Ames test involved a spot test, a toxicity
test, and a plate incorporation test. A number cf spot tests were
run on a sample of JP~4. JP-4 was spotted onto a filter paper
disk on the surface of agar. Tests were run with rat microsomal
activation (S-9), with mouse activation, and without activation at
25 pL/plate in 4 strains of Salmonella typhimurium, TA98, TAl00,
TA1535, and TAl537. Based on colony counts_the spot test showed
no apparent mutagenicity but some toxicity. A toxicity test was
then performed to determine a range to test the sample in the plate
incorporation test. The sample was diluted in ethanol to dosing
concentrations of 10, 3, 1, 0.2, 0.04, and 0.01 pL/plate. Strain
TAl00 with and without rat microsomal activation was used for this
test. The components were added to the top agar and poured over
the surface of a minimal agar plate.

No toxicity was evident. As a result of the negative toxicity
data, the plate incorporation test was run at the same concentra-
tion as the toxicity test. Four strains, TA98, TA100, TAl1535, and

21t is not unusual to have a negative spot test and a positive
plate incorporation test.

[12] IERL-RTP Procedures manual: Level 1 environmental assessment
bioclogical tests. Research Triangle Park, NC; U.S. Environ-
mental Protection Agency; September 1980. p. 62. Contract
No. 68-02~2681.

{13] Ames, B. N., McCann, J., and Yamasaki, E. Methods for detect-
ing carcinogens and mutagens with the Salmonella/mammalian-
microsome mutagenicity test. Mutation Research. 31:347-364.

1975.
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TA1537, with and without rat microsomal activation were run. All

plates were counted.

2.3.3.2 Results
Significant (p = 0.01) results from the computer analysis (see
Appendix A) include:

TA98 with S-9 having one value significantly greater
than controls (p = 0.01) and a dose response

significant (p = 0.01)

TAlQ0Q with $-9 having one value significantly greater
than controls and a dose response not significant
TA1537 without $-9 having one value significantly greater
than controls and a dose response significant
These three strains were retested at concentrations clustering
around the signitficant value. An additional retest of TA1535
with S-9 at original concentrations was performed because solvent
(etnanal) controls on the original test were outside the range
acceptable in our laboratory. This retest showed no values sig-

nificantly greater than control values.

The other retests showed:

with $-9: 3 values significantly greater than
controls and a significant dose response. This
meets our established criteria for a positive

response.

TASE

TA100 with $~-9: no values significantly greater than
controls and a dose response not significant,
considered to be a negative response.

TA1537 without $-9: toxicity occurred at 2 out of 3 doses
tested, so not enough data were available for com-

puter analysis. Normally, this would again be
retested, had not one strain (TA98) already

shown a positive response.

2.3.4 Microarthropod Toxicity Testing

Large numbers of small subsurface animals exist in scils, espe-

cially in the so0il horizons that contain higher levels of natural
organic material (i.e., the A and B so0il horizons). The majority
of all living animals in the soil are arthropods, and & high pro-

portion of soil biota is made up of representatives of this phylum.

The most important soil arthropods are termites, beetles, antg,
flies, myriapods, springtails, and mites. These small animals can
be used to indicate changes in the soil ecosystem brought about by
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foreign chemicals. For this study, scil arthropods were selected
for observation as indicators of the effects of chemicals on soil
biota. 1Initial experiments also included soil nematodes [14].

2.3.4.1 Procedure

A relativeiy simple system used to isolate these soil micro-
arthropods and obtain population counts is described by Pramer
and Schmidt [(14]. A lightbulb is used to dry the soil sample.
This causes the living arthropods to migrate downward with the
moisture until they drop through a screen supporting the soil
sample and into a collecting reservoir. (See Figure 15).

SIALLSL PUNNTL POR EXTAACTING AR
THROIOPS FADM SOIL AMD LITTIR: A,
lowy, ), scrmsn turrenag lus, C, bummel,
sud D, evliostng vaime | somaieing svronel,

Figure 15. Berlese funnel for extracting arthropods
from scil and litter.

Cores used for the microarthropod toxicity testing were obtained
in two fashions. The first ten cores (identified as a-j in
Table 5) were obtained with a bulb digger. The weight of each
core was taken immediately after removal from the soil and is in-
dicated as "wet weight" in Table 5. These cores were not dosed
with any compound and were used for the development of a popula-
tion history. The second batch of ten cores (identified as k-t

{14]) Pramer, D., and Schmidt, E. L. Exercise 6 - arthropods.
In: Experimental soil microbiology. Minneapolis, Burgess
Publishing Company, 1564, 18-19.
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TABLE 5. COMPARISON OF TOTAL NUMBER OF LIVING MICROARTHROPODS
IN CORES DOSED WITH MODEL JP-5 AND CONTROL CORES

Undcsed cores Dosed cores Undosed cores Dosed cores

Wet Total Dry Total Dry Total Dry Total
Ik weaght, g counts ID weight, g counts ID weight, g counts 1D weight, g counts
a 271 87 X 214 1, v 255 71 2 an 6
b 282 56 1 - 187 v 270 124 aa 250 6&
< 286 56 mn 186 0b w 308 87 bb 297 Ga
d 241 SOC n 197 24 X 252 133 cc 248 13
[ 245 S o 186 1 y 198 107 dd 218 1
f 236 36 P 202 0
g e 53 q 240 0
h 284 34 r 211 0
1 251 61 s 4 -g
3 217 23 t 188 1

Severai microarthropods' exoskeletons appeared soft.

bhll microarthropods' exoskeletons appeared soft as would appear after ecdysis.

Clnlegrlly of the core was destroyed in transfer to the extraction apparatus.

d
Coulid not remove core.

Note. Dasnes indicate data not available.

in Takle 5) were obtained with a small polyvinyl chloride tube,
7.5 cm 1n diameter. The soil was removed intact by first tapping
the tube into the ground with a sledge hammer and then pulling the
core upward while moving it from side to side. The cores were
dosed in the laboratory with 2.4 mL of model JP~5 and extracted by
the method described previously. Population counts were made on
the 14th day after dosing. The weight of the cores, in these and
all others to be mentioned, was taken after the extraction and is
termed "dry weight." The change from wet weight to dry weight
measurements was made in order to better gquantify counts/soil
vwelght and eliminate a possible step in which population count

rrors could occur. The third group of ten cores (identified as
v=dd in Table 5) were obtained by the coring method described
above. Half of the cores were dosed with 1.2 mL of model JP-5,
and half were not dosed. These cores were sacrificed at various
intervals. Cores u, v, z, and aa were sacyxificed a week after
dosing. During the second week after dosing, Cores w, x, bb, and
cc were extracted. The final extraction occurred three weeks
after dosing; and Cores y and dd were used at that time.

2.3.4.2 Results

There 1s a significant difference between the population counts
of the dosed and undosed corecs in all cases. The majority of the

dosed cores show toxicity as indicated by the low population counts.

in the few exceptions where the population counts were high for the
dosed cores appearance of the microarthropod was altered. The
change noticed was that the exoskeleton, normally a hard chitinous
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material, was soft in these cases. The appearance of the soft
exoskeleton resembles that of an arthropod after ecdysis (molting).
These soil samples were obtained in the late fall. This i5 not a
normal time for arthropods to molt. The most critical time for an
insect's survival is during the molting process. An unscheduled
molting for instance, #t the onset of winter, would most likely be
detrimental. Thus, if the fuel has the capability of altering the
ecdysis process, it would have an indirect toxic effect on the
arthropods. Further studies would be needed tc assess model JP-5's
effects on ecdysis.

2.3.5 Biodegradation of Model JP~5 Jet Fuel

An assessment of degradation of jet fuels by soil microbes was
performed in culture flasks in order to determine the role of
biota versus chemical and physical degradation in s0il ecosysteas.
Model JP-5 jet fuel was used as 2 standard hydrocarbon mixture.
Changes 1in known compounds and component guantities as a result
of the microbial degradation were assessed by gas chromatographic
techniques.

2.3.5.1 Procedure

S0il inoculum was prepared from 500 g of local soil and 1 L of
¢hlorine~free, autoclaved tap water. The soil-water mixture was
shaken and then permitted to stand until particles settled. The
water was filtered through glass wool. Two tenths milliliter of
this inoculum was added to 500 mL of basal medium in growth flasks.
A standard sample of n-dodecylbenzene sulfonate sodium salt (DBSS)
(Pfaltz and Bauer) at a concentration of 40.3 mg/mL was prepared.
This is equivalent to 12.5 mg of carbon per 500 mL of medium.
Standard DBSS (0.5 mL) and 0.2 mL of soil microbial inoculum were

added to a growth flask (Flask A) containing 500 mL of basal medium.

Model JP-5 (16.25 puL) was then added to 500 mL of basal medium,
along with 0.2 mL of inoculum, in another growth flask (Flask B).

Model JP-5 (130 ulL) was added to a third flask (Flask C) containing

0.2 mL inoculum and 500 mL basal medium. Four adaptive transfers
were made at two-day intervals; 1 mL of the contents of Flasks A,
B, and C were transferred to 500 mL of fresh basal medium contain-
ing the same amounts of carbon sources as in the original flasks.
A control (Flask D) was carried through with the positive carbon
flasks.

Yeast extract was added to all growth flasks as a supplemental
growth factor (1 mL/flask of 15 mg/100 mL). Table B-1 in Appen-
dix B summarizes the experimental regimen. On the designated
transfer days, all growth flasks were shaken vigorously by hand.
Three milliliters of the contents of flasks A;, A, A and D were
analyzed colorimetrically for DBSS content. Ten milliliters of
the B and C series were extracted with 5 mL pentane in preparation
for gas chromatography of model JP-5 (see chromatograms in Figures
B-1 through B-8 and Table B-1).
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.3.5.2 Analytical Method

Al each sampling time, 0.1 mL of each biodegradation culture was
cultured on nutrient agar by adding it to the agar surface and
streaking i1n three directions. The culture dishes were incubated
at 37°C for 24 Lo 48 hours and then observed for relative amounts
cf cclony growth and types of colonies.

Sanyling, extraction, and analysis were performed sequentially

ovel a 2b5-day period to analyze for indications of microbial deg-
tadaticn of the 14 components of our model JP-~5 listed in Table B-2,
Aryendis B. The extraction procedure involved shaking 10 mL of
rediun from each fermentation flask with 5 mL of pentane. A 2-uL
por1tien ©f this extract was analyzed by gas chromatography. The
segquence of chromategrams obtained, including the chromatogram of
ctandara Jt-5, 1s shown 1n Figures B-1 through B-8.

e F, and E. series are duplicate studies of 16.25 pL model JP-5
a330d Lo 500 mL of basal medium; C, and C, are duplicate studies
¢f 1i0 pl of model JF~5 added to 500 mL of basal medium.

S %, 3 Carrcular Profilang

; omatsgrans reproduced in Appendix B show progressive, but
many nes very subtlie, changes in the components of the model

: Wiere vely similar and complex sets of data are to be com-
jared and such subtle differences noted, an optional plotting
technigue called circular profiling can aid in amplifying the d4if-
ferences. One data set, the C, series of the degradation study,
was plotted using computerized circular profiling techniques (15].

Tt circular plots of the chromatograms are produced by entering
1elention times which relate these data to a scale factor selected
te maxinlze the use of 360 degrees in a circular plot area. In
¢rder tce malntain a consistent scale for comparison of the seguence
¢f g-z chromatograms, a factor of 4 was used as a scale factor
cinpce none of the retention times exceeded 90 minutes. The chro-
matograms 1llustrate the changes in the volatile components of
Ji-% caused by microbial degradation. The corresponding peak

slea was plotted linearly along the radii emanating from the cen-
te) of the circle at the appropriate number of degrees dictated by
the retention times. To maximize the use of the plot area, the
area percent data were normalized to the area percent value of the
largest peak in any particular data set, then multiplied by the
1adius of the plot area. The distinctive pattern is produced by a

{1%) Kusse, W. L., Hillan, W. J., Flayler, K. A., Pustinger, J. V.,
Erooks, 2. J., and Eisentraut, K. J. Use of circular profiling
1echniques 1n gas chromatography. Journal of Chromatographic
science. 15:461, 1977,
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line originating at the center of the circle, the origin, passing
through each of the data points and finally returning to the origin,

Figures B-9 and B-10 in Appendix B illustrate the circular profiles
with matching gas chromatograms for model JP-5 inoculated with scil
microorganisms during the biodegradation investigations. The cir-
cular profiles readily attract attention to subtle changes in the
gas chromatograms as the components change with time. This is
especially true of the standard profile, day zero, day three and
day five biodegradation curve (see Figure B-9).

2.3.5.4 Results

Major changes in the componrents of the model JP=5 took place in the
25 days of experimentation with concomitant increases in microbial
growth curves. Peak height ratios changed, peak heights werxe
reduced, and extraneous peaks appeared and disappeared with time,
Ultimately, total peak areas were reduced dramatically. Microbial
degradation appeared to play a lead rxole in these changes. This
study has provided hydrocarbon transformation data obtained by
isolating the effects of so0il microbes in reaction flaske. Similar
transformations of the hydrocarbons will be aesessed in the soil
ecosystem as the hydrocarbon, compounds are transported through

the soil.

2.4 ANALYTICAL METHODOLOGY

The two jet engine fuels used to evaluvate the test proceduren and
to develop the terrestrial ecosystems were shale-derived JP-4, and
a model JP-5 fuel that normally would contain eguimolar amounts of
16 known compounds found in JP~5 fuel (gee Table B-2). Two com-
ponents cis and trans-decalin, were unavailable at the time the
standard JP-5 was made, therefore, our model contained only 14
components. A similar model test mixture is also used by anothe:r
contractor to study sorption of Air Force fuels by sediment. The
Air Force interest is in determining the fate of these jet. fuels
in soil systems.

These mixtures of known hydrocarbon compounds can readily be gas
chromatographed (see Figures 16, 17, and 18). Hence, the sanple
can be easily traced by gas chromatographic analyses as it pro-
gresses through the soil ecosystem.

2.4.1 Vertical Migration of Shale Derived JP-4 in Core Ecosysten

Test Core 10 was treated with 10 mL of shale-derived Jr=-4 by ap-~
plying the fuel directly to the soil surface to mimic a spill of
the material on a land surface. The 10-mL application is eguiv-
alent to a spill of 1.27 L/m?. A biweekly application of 100 mL
vater was also used to simulate an equivalent of ~13 inches of
rain per year estimated to mimic the amount of rainwater which
would penetrate the soil in the Dayton, Ohio, area.
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Gas chromatogram of JP-4 jet fuel.?

Figure 16.

aOriginal gas chromatograph column used.
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2.4.1.1 Results

n-Pentadecane and n-~heptane are transported to a depth of 50 cm
(bottom position in core). The boiling points of these two com-
pounds vary the most of all the components in JP-4. Thus, trans-
portation depth does not appear to be a phenomenon related to
volatility. 1In addition, n-pentadecane and n-heptane were present
in the soil for longer times than other compounds detected. n-
Decane, n-undecane, n-tridecane, and n-tetradecane were only trang-
ported to a depth of 10 cm, and after 134 days into the experiment,
they were no longer detected in the soil. n-Octane and n=-nonane
were not present at any depth, and it is concluded that neither

is readily moved through the soil.

Nine hydrocarbons were identified in the JP-4 fuel and were fol-
lowed throughout the experiment. The hydrocarbons are listed in
Figure C-11 in Appendix C.

The quantities of specific hydrocarbon compounds and their resi-
dence time at each test depth (positions) in the so0il core through-
out the experiment time, is an assessment of the fate of components
(or degradation products) of the jet fuels. Figures C~1 through
C-10 in Appendix C are those chromatograms in which one or more of
the hydrocarbons of interest was detected. Sampling Position 3 was
the only position that did not show any hydrocarbons (as summarized
in Appendix C, Table C~-1). Figure C~1l1l in Appendix C indicates
which of the hydrocarbons was detected, when, and where,

2.4.2 Movement of Model JP-5 in Indoor Core Ecosystem as Analyzed
by Gas Chromatography ' )

2.4.2.1 Description and Purpose

Cores 12 and 13 were used to (1) test the fate of model JP-5 in a
soil core, and (2) compare field and laboratory data. Both core
systems have five laterally located probes and a bottom outlet for
sampling. Core 12 has probes located 6 cm apart on the horizontal
axis and 10 cm apart vertically. The resulting effect is a spiral
design. The positions are identified as 1 through 5 and bottom,

the uppermost position being 1. Model JP-5 was tested in the
laboratory in this core.

2.4.2.2 Procedure

Core 12 was dosed with 10 mL of model JP-5. A biweekly applica-
tion of 100 mL of water was also used to simulate rainfall. Each
sampling position, containing XAD-7 resin, was extracted with pen-
tane as described in Section 2.4.1. Two microliters of the pentane
extractions were analyzed by gas chromatography. Those chromato-
grams showing any of the 14 hydrocarbons present in our model JP-5
are presented in Figures D-1 through D-13 in Appendix D, Table L-1
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in Appendix D summarizes when and where hydrocarbons are present
and the number of different hydrocarbons detected.

2.4.2.3 Results

All the 14 hydrocarbons piesent in the model JP-5 were detected
within the top 10 cm of the soil core. Six components, 1,3,5-
trimethylbenzene, undecane, 1,2,4,5-tetramethylbenzene, 1,2,3,4-
tetramethvlbenzene, tetralin, and n-pentadecane, were transported
to a 20-cm depth. Below the 20-cm depth only one component,
1,3,5-trimethylbenzene, was detected. This was detected at 50 cm
on two separate occasions. Figure D-14, Appendix D, represents
the above transport phenomenon which occurred in the laboratory
core dosed with model JP-5.

2.4.3 Movement of Model JP-5 in Outdoor Core Ecosystem as
Analvzed by Gas Chromatography

2.4.3.1 Description and Procedure

The outdoor ecosystem, Core 13, was subjected to the same test
procedure as Core 12 with one exception; the 'core was not watered
biweekly. Instead, 1t was exposed to natural rainfall and other
weather-related conditions. As with Core 12, Core 13 had five
side ports and one bottom port. The side ports, however, were not
positioned in a spiral fashion as in Core 12. The probes were set
in a straight vertical line 10 cm apart. This was necessary for
accessability to the sampling probes from underground. The under-
ground structure built for this field experiment allowed an indi-
vidual to descend approximately six feet into the ground. The
ground was held in place by wood panels on three sides. The
fourth side was a stairway for passage. Adjacent to one side of
the structure a hole was dug in the ground. The hole was big
encugh for the placement of the core ecosystem. The core ports
were directed toward the wood panel. Holes were drilled through
the panels to align with each port of the core. Teflon& tubing
was used to attach the core probes to French sguares located in-
side the underground structure. Following the same procedure de-
scribed in Section 2.4.2.2, extracts were analyzed by gas chroma-
tography. Those chromatograms indicating presence of one or more
hydrocarbons are shown in Appendix E, Figures E-1 through E-21,
and summarized in Appendix E, Table E-1.

2.4.3.2 Results

Appendix E, Figure E-22, charts the components of model JP-5 as
they are transported through the outdoor core. The majority of

the components were detected at a depth of 30 cm. Those compo-
nents that ware not detected at that depth are n-decane, undecane,
dodecane, and n-tridecane. Of those four, n-tridecane and dodecane
were not detected at any depth during the experiment. No hydro-
carbons were transported below 30 cm. Comparing the fate of model
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JP-5 in the laboratory core to the field core, the following sim-
ilarities and differences were noted:

(1) XAD=7 resin in both cores proved to be a useful tool
for the recovery of hydrocarbons in the ecosystems.

(2) The distance at which model JP-5 is transported in the

indoor core is slightly greater (by 20 cm) than the
outdoor core,

(3) The length of time over which components are detected
is greater in the outdoor core than the indoor core.

{4) The selective transport of individual components as a
function of time and depth varies.

The differences noted are minor in respect to the complexity of
the system used. Differences in the degree of material movement
can be theorized from channeling as a result of biota activity or
watey trangport. However, the gquantity of water leachate gener-
ated at a particular depth does not directly correlate with the
hydrocarbon detection at that depth. Differences in the duration
& component. ig detected in the g0il column might be attributable
to weather conditions, such as freezing temperatures.

Z2.4.4 Movement of Model JP-5 in Five, 7.5 Centimeter Diameter
Cores as Analyzed by Gas Chromatography

A study was conducted for the assessment of severel replicate core
systems. The five cores used in thie study were obtained in a
polyvinyl chloride tube approximately 30 cm long and 7.5 cm in
diameter. A 20-cm intact soil core was remocved by the method de-
gcribed in Section 2.3.4.1. Each core was set up in the labora-
tory on a glasg funnel with a stainlese steel screen at the bottom
end of the core. The stem of the funnel was connected to an adapter
via a Teflons tube; the adapter in turn screwed on to a French
sgunre bottle used for leachate collection. Each core was dosed
vwith 6.9 mL of model JP-5 initially and with 6.5 ml water biweekly.
XAD-7 was used to adsorb hydrocarbons as 1n previous studies. The
rosin in these cores was placed in the adapter. Prior to watering,
the resin was removed and extracted with 5 mL of pentane. Two micro-
liters of the pentane extract was injected into the gas chromato-
graph. Of the five dosed cores, two showed traces of hydrocarbons
(see Appendix F, Figures F-1 through F-3).

2.4.%5 Headspace Analysig of Shale-Lerived JP-4 Dosed Cores
by Gas Chromatography

Feasnibility experiments were performec for the analysis of vola-

tiles in the headspace of dosed cores py gas chromatography. With
ihe ume of o gam syrings, an iniection was made using the headspace
gas {rom a can containing shale-derived JP-4. A substantial number
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of peaks were present on the chromatogram (see Appendix G, Figure
G-1). Following positive results, injections involving the headspace
of the core dosed with JP-4 (core 10) were performed. At seven
days after dosing, 20 mL of gas was removed through the Teflon&
septum (described in Section 2.1). As shown in Figure G-2, the
chromatograph of this injection indicated few components in head-
space; hence, little volatilization of jet fuel. After analyzing
the previous results, a leak-tight syringe was substituted for
the gas syringe. A chromatogram of a 10-mL injection of headgas
removed by the leak-tight syringe is presented in Appendix G,
Figure G-3.

Additional studies involved the use of a passive dosimeter for
concentration of volatiles in the headspace. The passive dosim- 3
eter's design is based on diffusion principles and employs porous a
polymers as the sorbent element. This dosimeter has multi-organic
vapor recovery capability and exhibits a sufficiently high collec-
tion rate to ensure monitoring at the ppb level,

Basically, the dosimeter consists of a stainless steel body 3.8 cm
in diameter and 1.1 cm high. The internal diameter of the body is
3.5 cm with the exception ¢f the ceantral portion which is reduced
to 3.0 cm 1.D., to provide a precisely defined containment volume
3 for the porous polymer. Stainless steel screens and perforated

1 plates are stamped out with an appropriate dye and serve to con-
fine the polymer within the dosimeter bodv and provide a diffusion
barrier. Teflon: caps isolate the dosimeter from sample when not
in use. The top cap is removed during sampling mocde. Loading and
assembly of the unit can be achieved within 2-3 minutes. The
loaded dosimeter weighs approximately 36 g with a charge of ~0.4 g
of Tenax GC polymer [16].

e
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A passive dosimeter was suspended inside the core for several days
after which it was removed for analysis. Although thermal desorp-
tion is normally used with the passive dosimeter, solvent extrac-
tion was used in these studies. Five milliliters of pentane was

used to extract the hydrocarbons from the resin. One microliter of r
] this exXtract was injected into the gas chromatograph. The result- )
ing chromatogram is presented in Appendix G, Figure G-4.
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2.4.5.1 Results

The passive dosimeter was chosen over a leak-tight syringe for
monitoring headspace gases for two reasons. First, samples did
not have to be analyzed immediately, which would have required

I,

{16) Wooten, G. W., and Strobel, J. E. Development of passive
personal monitors for assessment of human exposure to toxic
pollutants from energy sources. Quarterly Report No. 3,
EFA Contract 68-02~3469. p. 2. August 19Ysl.
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that a gas chromatograph be immediately available each time a sam-

ple was taken. Second, the passive dosimeter concentrated the vol-

atile hydrocarbons providing a more sensitive sampling technique.

2.4.6 Headspace Analysis of Model JP-5 Dosed Core by Gas
Chromatoaraphy

Headspace analyses were performed on Cores 1l (control core) and
12 (JP-5-dosed laboratory core). Hydrocarbons were concentrated
through the use of a passive dosimeter. Several resins and sol-
vents were tested. 1Initial experiments involved the use of Tenax
resin. Figures G-5 through G-9 in Appendix G are chromatograms
resulting from those tests. Two solvents, pentane and methancl,
were evaluated in the extraction procedures for separating the hy-
drocarbons from the resin. For each extraction, 5 mL of the sol-
vent was used and 2 pL of the solvent extract was injected into
the gas chromatograph. Both solvents were capable of extracting
out the hydrocarbons. The other resin tested in the passive
dosimeter mode was XAD-7. Again, with the use of pentane, hydro-
carbons were recovered. Those chromatograms are presented in
Figures G-10 through G-17 in Appendix G.

2.4.6.1 Results

Both of the solvents (pentane and methanol) and the resins (Tenax
and XaD-7) proved to be acceptable for the use in headspace moni-
toring in core ecosystems. The resin and solvent chosen for this
ecosystem study was XAD-7 and pentane, respectively. The deci-
sion was based on consistency with previous ecosystem work using
that resin and solvent.

The passive dosimeter used with the control core picked up small
amounts of hydrocarbons from the dosed core, even though the two
cores were 30 cm (1 ft) apart.

2.4.7 Leachate Recovery in Core Ecosystems

A biweekly application of 100 mL of water was used to simulate an
equivalent of ~13 inches of rain per year in cores 9, 10, 11 and
12. This volume of rainfall was selected by assuming about one-
third of a 40-inch rainfall per year (western Ohio average rain-
fall) percolates into the soil while two-thirds evaporates or runs
off. Core 13 was also watered with 100 mL of water biweekly while
in the laboratory. Once equilibrium conditions were established,
the core was moved outside, as described in Section 2.4.3.1. The
top cap was removed from the core exposing the column to natural
conditions. Thereafter, no further water was added. Similarly,
no rainfall was simulated in field Core 14. All water incorpor-
ated into the system was the result of environmental conditions.

Leachates were recovered in French sguare bottles attached to the
sampling probes by Teflon® tubing and volumes measured. The
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leachate eluting from the bottom was also collected and measured.
Appendix H, Tables H-1 through H-6, show the amounts of leachate
recovered from probes and the bottom position of those ecosystems
tested.

2.4.7.1 Results

The depth at which the water leachate flowed and its guantity
varied from core to core. Within the same core there was also
variaton from week to week, although the extent of variation was
not as pronounced. These variations are explained by channeling
effects caused by biota and/or physical stresses. Additionally,
the gquantity and depth of water leachate show no direct correla-
tion with the quantities and depths of hydrocarbon transport.

2.4.8 Hydrazine Movement in Core Ecosystem

Because of highly reactive nature, hydrazine has been used in jet
fuele as a source of energy. An effort was made to evaluate the
tate of hydrazine in a field soil core ecosystem. Ten milliliters
of 70% hydrazine was prepared and applied on day 113 to Core l4.
Hyvdrazine was tested in the water leachate using Hydraver 116
stakilizer and a colorimetric color disc. The test measured hydra-
zine from 0-1 mg/L. On day 140, the fourth position containing
water leachate was analyzed for hydrazine. None was detected.

On day 156 leachate from positions 2, 4 and the bottom were ana-
lyzed for hydrazine. Again, no hydrazine was detected. The fate
of hydrazine in the core system 1s inconclusive in these studies.
Metabolites and derivatives of hydrazine would not be detected
with the test method employed and the possible reactivity of hydra-
zine with oxygen in the French square headspace could cause
misleading data.

8Hach-formulated stable reagent.
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APPENDIX A

CYTCTOXICITY AND MUTAGENICITY DATA ON JET FUELS
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TABLE A-1. CYTOTOXICITY DATA FOR SHALE Jr-4
OBTAINED WITH CHO~K1 CELLS
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TALLE A-2.
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OBTAINED WITH D98S CELLS

AETLICATE
VALULS

OO0 00O OO 000

[V 0
- [ o]
O

(33
-
-

287
2%7
a0

CYTCIDNSCI1TY DATA FOR SHALE Jr-4 (F33433)

MEAN
VALUE

2°3

HEAM
valLul

17

av?

o

[ 4]
w

5-10-81

PAGE REFI -~

STANLARD
DEVIATIOM

o

»
w

STANDARD
DEVIATION

?

PEFCENT
BUFVIVAL

[

100

1060

vy Py WS T

T i CRA AT BTNl £ LI EG 514
s : L B 525 5T A BT U il o oo SOOI ot Tl e S




ERRL I .
R e
e enit T e

e e D LT ey I e s
>
]
|
“,,,
-STT92 (uewny) s86d pue (Iajswey 9s3UTyd)
OHD 03 STonJy 33[ Jo ssT3121%03034D jJo uostyedwoly ~T-V¥ aanbtyg
/b
m-oSS e-c:: m-Eh:
1 ‘ SEUN T
i __ _ \ T ._.;_: il 55 Higs
. B Ae-o Y . - P RAI L 1
1 i | gannaniii 1HE
it i e
H +r 1_‘ m..u.|441...|, LA
4 | m ﬁ I T HH 3
H+ m
y-dl NIVHS T4 diflisdstatents 2
A THEREI T 9
T IS ISHRRERRRE )
T \ ﬁ it % 2
oixee I Ipgiiiaaginns -
. 101 || /NN W 7l 2
9-df I - ]
i [ttty i H LA 2
, 00X e s 2
= 15860) T =
, v-df JIVHS LT TTHH
| Tt | it athas:
i T
nm W ! ‘“, _ | = 111411 ﬁiuw
i T
i UNG il j g :5




-0g6T 3oquaidas 'HSOIN S3dTAl9S uewny pue YilesH jo quswiaedag "s°n C(sp3) usyiel "1 13boy
pue ‘-ag ‘sImd7 f ¥ II pue [ saumfop ‘sa2UeISqNS JesTway) jo sIDaIJI OIXOL jo Aaystbady

0591 - 00L - mOT AJ3a z 0T X v1 wiojol1oiyd
0szZ1 - 002 - not y 0T X T7L aut{Tuy
- - a0l vHoq X S°9 1ay3lad TAuayg
- y OT X &' T #oY y 01 X L°G (1epou) §-df
- - 80T v O ¥ 67§ auazuaqoioTud
0065 y 0T X 2°2 no| y 02 X 872 p-df-PIATIdP-uNaT0IIad
- p_OT X L7 moT p 0T X 6°¢ p-dl-paaTasp-TT0 3TEYS
- - moT y 0T X L1 auazuaq T4Yya3
Siy - 082 g O X f Mo p 0T % ¥ i Touayd
95 5 0T X L noT A19a - mo1 p 0T ¥ 1< 1&uaydtg mw
- ; 0T X9 Ijeaapou ; 0T ® G uriealal
ooy - 001 mnod ® L ajelapou mlo~ X Z°€ apTi0TYd0IpPAY autweixoipiy
0zl - S , 0T X § ubry 4 0T X 672 apTIOTYd JTINDIAN
a1 - ¥ w 0T X 6 ybty . OT ¥ 8 b apTueADd umisselod
$z - € L ot x 2 ybty L QU x 91 SpTJOTYD untuwpey
By /Hw Tu/b putiea A3T2T1H03 Jw/b
! ‘1453 sged ¥dd OHS "0554 OHD

(Tewtue S{oyM

AYSSY TYNOTD 1130 NYITVHNWVKW 1d QANIWIILAA SITLIDTXOLOLAD T¢-v¥ JTdVY.L

e =

E




COMPUTER ANALYSES OF AMES MUTAGENICITY ASSAY

SAMFLE ID: LOG ¢ B80-5-13-292~-JFP4 AFOSR

STRAINS! 1A 98 TA100 TA 1535 TA1537
TEST DATES: &/26/80 4/26/80 6/26/80 /26780
DATA REF: 1734156 NEF® 1734156 NBF#1734156 NEF$1734156
-9 REF: DAO06 @ 10%
SOLVENT ETHANOL
WITH MICROSOMAL
ACTIVATION
REUERTANTS/PLATE
AMOUNT/FLATE (UL) TA 98 TAl00 TA 1 35 TA1537
10 117 89 @&1 158 153 149 19 22 14 12 42 44
3 34 47 44 120 119 128 33 23 20 33 18 14
1 28 45 44 118 106 115 34 17 23 12 5 14
2 27 35 30 186 145 138 17 27 27 2 10 7
.04 52 34 27 152 159 169 40 36 39 8 9 &
L01 43 34 15 188 163 170 29 41 30 5 7 11
CONTROLS
SOLVENT 44 39 38 133 149 148 4% 32 3P 10 6 13
NEGATIVE 27 1465 23 17
FD:ITIVE 744 1642 357 111
WITH MICROSOMAL
ACTIVATION
T VALUES
AMOUNT /FLATE (UL) TA 98 TALO00 TA 155 TA1537
10 %x3.64094 1.06477 ~3,49558 2.4861%
3 .107181 -2,45043 ~-1,8%%71 1.75769
1 -,230812 -3.69202 -2,08395 . 055029
.2 -1.1847 1.23451 ~2.20449 -1,275459
.04 ~.443408 1.71619 . 394958 g.azassd
.01 -1.5499 2,97702 -,385919 - .%24381

¥ DENOTES A KESFONSE SIGNIFICANTLY DIFFERENT FROM CONTROLSG
AT F-0.01 LEVEL
PEGREES OF FREEDOM 14

a
Solvent controls out of acceptable range. Requires retest.
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COMPUTER ANALYSES (continued)

L ;n-r-l-'-::, JEa
T&: WITH MICROIOME -
(n)uxna TE:TY
[osE LEVEL REVEFTANTS FER PLATE
3, o 117, €. g1,
EN TN 24 47, 44,
1,0 =k, A%, a4,
MG TNINT 27. 2. 30,
CACDOOE (1 $. 4. 27,
Lpoeese THRE 'S
LO" =200 F4
Tt Wi T FICROZOMET
R TLING, iT
MEAs T AN RTANDARD DEVIATION: OF LOGARITHME OF FPLATE COLUNTZ
£ E LE‘E LO - MEAN LOG STL DEV SAMPLE €12€
17, 1,778 CESSLE-O) %
IR ‘1, . TATIE~O z
1.7 1. 1167 z
.l i S AZE=-O] z
4 S 1, . 1444 =
P H i « 2401 9
1 . BROTE-OL ]
£L1T ETT: YEIT RES
£ ey 1,293
FriEat ol LEVE. = e f27
TE &L 12 %0 S1LLIFICANT DIFFERENCE AMING TREATHMENT VARIANCE:
o FheTeyi-lil M4
Toiz ' owllIe ®ITRDIOMES
e e, YET

DUMEAR TSI Db YREATMERTZ WITH CONTROL (DNE-SIDED TEST)

I LELE, T VALE FRUE LEVEL
HER EPE R DN UZAE 0T #e
N S1072 .zmgé
1.7 - 07 440
A -1, 1:F .)§7°
LA -.44; L3221
P -1,7%0 + 7174E~01
tywEFE L TEFLYMER D EIGHIFICANTLY GREATER THAN CONTROL (F = L1060 ) =
HEFE AFE NOC TREATHMERTS SIGNIFICANTLY SMALLER THAN THE CONTROL AT 0. 0100 LEVEL
EE7E TEEWM £ T YEIT 14 QETAINED Fﬁmn Pnn o
E;s;'r:" \L=xar'E orl c.zf'a»E ~011 L% ? ﬁaésd OF FREEDOM
L A T tF &
Gite RAUE
W Te o
: . e DOGE LEVEL AND 182 DELERVATIONS
Singnr = 1 hnar o My g . 1308} y LOG DOSE
fLaTIge. rﬁEFFI Fr7 - L &ETO
FEZIT el ETANLARD DEVIATION = O, 1414
MG = X
- FEOBAEILITY LEVEL = O, 0017
SFotEE 19 €IAGNIFICAMT AT 00,0100 LEVEL

Furdb IJE FOFR LAC) -CF-FIT = -,
FRoBAE 1 Ty LEVEL = 0.0

LACY =0F-F1T 1¢ NOT SIGNIFICANT
Mo OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG-LOG MODEL

ETRAIN Th: HITH MICROCOMES RECUJIRES RETEST
1 TFEATMENTS AFE TIGRIFICANTLY OREATER THAN THE CONTROL AT F = 0,0100
LOG E0=T-12-290  JF4

CTHATIN - Ta™7 WITH MICFOSOMES REGUIRES RETEST
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COMPUTER ANALYSES (continued)

LT £0-f-13=20" _(F4
TALOO  WITH M]CRU-DME-
OR XulNAL TESY

DOcE LEVEL REUERTANTC FER PLATE
10, O bt {5%. 14%,
Se OO0 120. ) z&.
1, QOO0 118, lbb. ilgv
o« OO0 13¢. 14%. 138.
.?QQQ?E-S} };;. }22. igg.
« 1QQO0OE - 3~ o .
0 133. 14%, 14§,
LD SOeSaytalyn Fq
TA}H\ WITH HXLROQCHES
DRIGINAL TESY
MEANT AND STANDAFRT ﬁEVlAT!ONS OF LOGARITHMSE OF PLATE COUNTS
oo LEVEL Lo MEAN  LOG gD DEV  SAMFLE S1ZE
id, o0 = l 14, < 1274E-01 <3
IO = Ut7 « 172RE-01 b
o CHn ZI0Ex < 241E-01 2
2A00 T 1Y E945E-01 3
Y 20204 «231IE-O] 2
1T E O oo XF «Z184E-01 Z
L0 2 18 « 2768E-01 3
EAZTLETTI TEST REZILLTS
F RLTT = 112
FROBAEILITY LEVEL = 2565
THEFRE 1% N0 SICNIFICANT DIFFERENCE AMONG TREATMENT VARIANCES
Lis £ h=S-13=2%2 k4
Tl WITH MITROSOMES
FISINAL TEST
COMFARISON OF TREATMENTS WITH CONTROL (ONE-SIDED TEST)
D;EE LEVEL T VALLUE FROUK LEVEL
T, in 1.046% LIS2%
T, 000 -2, 450 «1401E-01 «
1,000 -T2 « 120€E-0Q2 #w
o SQ0D 1,224 L1187
LA00NE-0] 1.71¢ cTAOYE~O1
L IOO0E=0] 2.%77 BCO0E~02 #a
HNUMEEE OF TREATMENTS SIGNIFICANTLY GREATER THAN CONTROL (F = 0, )100 ) = 1
NUMEEF OF TREATHMENTZ SIGNIFICANTLY SMALLER TMAN CONTROL (F = 0.0100 ) = 1
THE:E TREATMENTZ WILL EBE OMITTED FROM DOSE-RESPON3SE ANALYSIZ

ERROR TEFRM FOR T TEST IS CETAINED FROM POOLED WITHIN
TREATMENTZ VARIANCE OF «11707E-02 WITH 14 DEGREES OF FREEDOM

LW §0e%iey Ze 2o x
TALO0 NITH MIIRH-HHEH
EALEL O TE.ICCE EVELS AND 1% ORSERVAT]ONS
SED JN & Lt LEW ] pu & =
Luns CLIIT = 14%0 + ( -.307 g 01 ) LOG DOSE
COSRELATION rﬁEFFXCIEhT = 5. 8&7
REZIDUAL =TANDARD DEVIATION = 0.0%12
INECSIBED PROBAEILITY LEVEL = o 5085
INE-3 | = o
DD%E -RESFONSE IS NOT SIGNIFICANT SINCE SLOPE 1S NIGATIVE
F-~VALLIE FOR LAY =0F~FIT = 4,97
FROBABILITY LEVEL & 0.0231

ACK=0F=FIT 1% NOT SIGNIFICANT
NC OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG-LOG MODEL

STRAIN TR100 WITH MICROSOMES REGUIRES RETEST
1 TREATMENTS ARE SIGNIFICANTLY GREATER THAN THE CONTROL AT P = 0.0100

LOG &O-%5-13-292 JF4

STRAIN TAR100 WITH MICROSOMES REQUIRES RETEST
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COMPUTER ANALYSES (continued)

pary RCREERENE
4§ REFERINCL

KINAIN
HOLVENT

TESY DATE

BPOSITIVE CONY

NESATIVE

E TR N

AT THL
e Groilc

F

KoL H

CONTROLE

~

.

DG LEW

or

FR -

-

o ., -I‘ Il
B sy el

LOLARO- H=12-090  JF4
NKHR17341059

NAO04

TeVD

ETHANDL

7080

771

20

REVERTANTS/FLATE T=-VaLUES

o 22 21

- A -

159 28 131 14.937

1Q0 107 150 12.6
39 43 37 4,37820

SIGMIFICANTLY DIFFERENT FROM CONTROL Y

(-
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)
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COMPUTER ANALYSES (continued)

LOG SO=S=13-202  Pg
70;?_1 UITH MICROSOMES.
RETE ST IMENTS SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AND DOSE-RESFONSE WAS ALSO S1GNIFICANT
€ LEVEL REVERTANTS PER PLATE

R 152, 136, 131.

10, 000 tos: 1697 180

e, HO00 3>, 42 37,

'c’ 2E:. 22. 2"

LOG S0-S=123-202 P4
Jaze o WITH MICROSOMES

1 TREATMENTS SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
AND' DOSE-RESPONSE WAS ALSCr SIGNIFJCANT

T AND qvannaap 'Ev ATIONS. OF _LO R!YHH¢ TE COUNTS
ED?jECLE EL : AN Lbo Tb Sé E & g
)U .. . -
10,00 :.079 '2216 '3§ o2
Tt }:37% S7$EZS] 3
ARTLE'TC TE:T RES LLTS
g RAT ] . 4782
FFubablLITY LEVEL - L &S,

THERE 7S NI SIGNIFICANT DIFFERENCE AMONG TREATMENT VARIANCES

LOG S0=%=-1E3=2%2 4
EQ:E’T WITH MICROSOMES
Y TREArHENT' cICNIFICANT;Y gREAT R_THAN CONTROL ON INITIAL TEST
AND DDSE-REZPUNZE WAS ALS0 SIGNIFICANT
COMFARISON OF TREATMENTS WITH CONTROL (ONE~-SIDED TEST)
DOSE LEVEL T VALUE PROE LEVEL
12,00 14,54 2B6ZE~Q06 wan
10, 00 1%, &0 + SROVE=QL #oa
. 000 4,37% «11762-02 as
NLMEER OF TREATMENTS CANTLY OGREATER THAN CONTFCOL (F = 0.0100 ) = &
THERE ARE NO TREATME!

SIGNIFL
NTS SIGNIFICANTLY SMALLER THAN THE CONTROL AT 0.0100 LEVEL
1<

ERROFR TERM FOR 7 TEST OBTAINED FROM POOLED WITHIN
TREATMENTSZ VARIANCE OF CA0Z01E-02 WITH 8 DEGREES OF FREEDOM
D5 E0=-T-13=-202 P4

Fg?;’T HI H MICROZOMES

1 TﬁéATHENTE SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
SO Dt E-RESFONSE WAS ALSOD SIGNIFICANT

B&IED ON 5 DOSE LEVELS AND $ OBSERVATIONS

Ls COUNT = « 65383 + ( i, 36?8 ) LOG DOSE
CORRELATION COEFFICIENT = é

RE'IE”?L STANDARD DEVIATION : g gd

ONE-ZIDED PROBABILITY LEVEL 0. OO

LOZE~-RESFONSE IS ‘IGNIFICANT AT 0.0100 LEVEL
-VALUE FOR LAPV-UF-FIT = 3.47

PFUEAQILITY LEVEL 0.1117

LACH<OF=FIT 1€ NOT SIGNIFICANT

NC OUTLYING POINTS DETECTED IN RESIDUALS FROM LOG~LOG MODEL

STRAIN TA%EZ WITH MICROSOMES 1S POSITIVE .

4 TREATMENTS ARE }GNIFICANTLY GREATER THAN THE CONTROL AT P = 0,0100
AND DOSE-RESPONSE 1S SIGNIFICANT AT P

LOG B0-%~13-292 JP4

STRAIN Ta9E WITH MICROSOMES IS POSITIVE

AMES TEST 1< COMFLETED . COMPOUND IS POSITIVE .
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COMPUTER ANALYSES (continued)

TES NUMDLER LOGABO-5-13-292 4
naTa REFERENCE NEF317341359

S-¢ REFLRENCL 14006 R10%

STRAIN 161560 W/ S-9
SOLVENT £ THANOL

TEST DLATE 7/9/80

1L ITIVE CONTROLS 1447
NDGATIVE CONTROLS 130

¢~7 FLATL K VERTANTSZFLATE T~-VALULS
ol
Lo."R 143 194 144
(132 13¢ 157 134 -, 933091
L3 134 1€4 185 -.1944Y7
NS 150 182 1464 +IATATL
¥ LIEeTTLS A FoErones CIGNTFICANTLY DIFFEFENT FROM CONTHOULYL ‘
t’t‘ .lHE F Ov’:'; :r‘-I-L 0
LUSLTEL Of FRU O

6l




COMPUTER ANALYSES (continued)

LOG She®ey =200
Eé%égT WTTH RICROSOMES
" 1 TREATHMENTY SIGNIFICANTLY OGREATER THAN CONTROL OM INITIAL TEEST
RUT DQSE-RESFONIE WAS NOT SIGNIFICANT
DOSE LEVEL REVERTANTS PER PLATE
Y 1 *‘:“:")E-C‘l 13& . ‘6.’0 ’3 »
« 10000E-01 134, 1€4 15%.
« JOOOOE~O 2 1%, 182, 16A4.
0 145, 194, 144,
LOG S0-8~-12=-200 (F4
E@%E?T WITH MICROIOMES
1 TREATMENTS SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
BUT DO3E-RESPONIE WRS NOT SISNIFICANT
MEANT ARD STANDLARD DEVIATIONS OF LOGARITHﬂS O FLATE COUNTS
DOTE LEVEL LOG MEAM LOG S DEV E SIZE
. 1 “' 'E"‘.‘ :- 1&'1 0554‘5"01 3
.lQUUE-UI . 1%6 .6:84%-%{ 3
 TDOOE=-OC iy pcrgat={ -t
o * - Z0% .§154E-01 g

EnRTLETT- TEST RETULTQ .
FROBABILITY LEVEL = &
THERE J% NO SIGNIFICANT DIFFERENCE AMONG TREATMENTY VARIANCES

277
.E41

LD 0=y z=202  (F4
TA‘“H WITH HI'RU:&ME-
RETE

NETREATMENTS SIGNIFICANTLY GREATER THAN CONTROL ON INITIAL TESY
BUT DOSE-RESPONZE WAZ NOT SIGNIFICANT

COMFARIZON OF TREATMENTS WITH CONTROL (ONE-SIDED TEST)

IOZE LEVEL T VALUE PROEK LEVEL

e 1200E~0O1 =P3320 . 189

L AOOOHE~OL - 194% .425:

» SOOOE~QOD «R423 « 3705
TMERE ARE N TREATMENTS SIGNIFICANTLY GREATER THAN THE CONTROL AT  0.0100 LEVEL
THERE ARE NO TREATMENTS SIGNIFICANTLY SMALLER THAN THE CONTRCOL AT 0.0100 LEVEL
ERROR TERM FOF T TETT IS OBTAINED FROH PGOLED HITHIN '
TREATMENT: VARIANCE OF « 3TP0ZE~0OZ WIT & DEGREES OF FREEDOM
LOG S0~8=1 220"
TA190  WITH NIPRUZOHEﬂ
RETE:ST

1 TREATMENT:Z SICGNIFICANTLY GREATER THAN CONTROL ON INITIAL TEST
T _DNZE-RESFUNIE WAT NOIT SIGNIFICANT
ATED ON = DOSE LEVELS AND ¥ UBZERVATIONS

LOs COLINT = 1.917 ( -. 133%% ) LOG DOSE
CORRELATION GOEFFICIENT -o 4483

RE:IDH2L STANDARD DEVIATION = 0508

ONE-3IDED PROEBARILITY LEVEL = 0, 5000

DUZE~RESFONIE IS NOT SIGNIFICANT STNCE SLOPE 1S NEGATIVE
F-VALLIE FOR LArv-OF-FIT = 0.23

FPROBAEBILITY LEVEL 0. 6497

LACI -OF-F1T 1S NOT SIGNIFICANT
NO OUTLYING POINTS LETECTED IN RESIDUALS FROM LOG-LOG MODEL

STRAIN TA100 WITH MICROSOMES 1S NEGATIVE
LOG B0O=-S-1%-292 JFP4

STRAIN TA100 WITH MICROSOMES 1S NEGATIVE
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COMPUTER ANALYSES (continued)

sAmFLE TN LOD ¢ B80~-5-13-292-JUF4 AFOSK
STRAINT, TAYE TA100 TA153G TA1G37 |
TEST LATEST  6/26.80 6726780 6/26/80 b6/26/80
LAY REF NEF41734155% NEF817341548 NEF§173415¢ NEF€1734156
€-9 RLET S NONF :
SULVINT ETHANOL 2000
WITHOUT MICKOLOMAL
ACTIVATION
REVERTANTS/FLATE
AMOUNT /P LATE (UL Y TA9B TA100 TA153% TA1537
10 22 42 17 160 159 1460 27 34 2¢ 21 17 25
3 27 17 30 115 117 147 19 20 1¢ 16 13 ¢
1 3> 24 37 128 24 104 24 29 15 B8 15 9
2 27 19 2 1446 108 9% 26 18 19 13 & S
L0 17 24 18 126 113 100 31 25 24 S 14 T
01 19 11 22 93 124 115 23 29 34 S 3 4
Ut epLs
SOLVENT 1¢ 21 17 130 111 129 29 2B 24 4 & 7
NEGATIVT 1¢ 161 41 11
PUSITIVE 944 267 479 543
LIThHOUT MICROSOMAL
ACTIVATION
T VALUES
A00T CPLATE (UL TA®B TA100 TAL1S3S TA1537
10 1.35836 2.29802 +431903 %3.8928%
32 1.13181 178185 ~-2.4B141 2.24289
1 2.06365 ~1.11061 -1.32967 1.4656181
2 9.62859E~02 -.638154 -1.671%7 +585782
204 «323254 ~.787294 ~9.,93526E-02 «471443
e - 279052 -. 995917 + 322948 ~1.39162

¥ LENDTES A RESFONSE SIGNIFICANTLY DIFFERENT FROM CONTROLS
NT F 0,01 LEVEL
DCGHELT OF FREEDDNM 14
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COMPUTER ANALYSES (continued)

LM S0 oSt IF4
O

1,;\‘1_":" l~ THIT MICROSOMES
TE:T

D€ LEVEL FREVERTANT: FER FLAYTE
AR 21. 17. %
: 16, 13, “e,
£. 1%, .
BRG] 12, & ..
AN -] <. 13, c.
o JOOIDE -] <. I 4.
SO 4. €. 7.

-y
-

TIT HI Rl'l:.CIME A

\TANHAR[ DEVIATIONS or LOGARITHMEZ OF FLATE COUNTS
th nsgn Libs O DEV SAMPLE S$12E
JEITTE-OL 3
o1 ? 3
| 2
iy <]
01 =
o1 =

COmEREICSON OF TREATMENTZ WITH CONTROL (ONE-SIDED TEST)

VGLL‘E F’F\l IE LEVEL
2 PI122E-03 aen
'),-:I:'IE Q1 =

[ RER B ‘n_._l [}

. ~ A7} 12 .

LACI0E-0 -1.,2% 2£2E-01
N wEEE F TRELTMENTS SIGNIFICANTLY GREATER THAN CONTROL (F = 0, 010” ) =
TRERE AFE NI TREATMENTS ZIGNIFICANTLY SHMALLER THAN THE CONTROL AT L0100 LEVEL
gesos Toe~ FOR T TEST Ic OBTAINED FROM FOOLED WITHIN
TRERTMENTI VAFIANTE COF L 2Z5148E-01 WITH 14 DEGREES OF FREEDCOM
Lo §=S=12=00] Fg
TALT:T WiTwidT mIERAEOmE S
D2l LINGL TESY
B&TED Qv 4 DOTE LEVELS AN 18 OBCERVATIGN’
LoD T o= 1.04%0 046? ) LOG DOSE
DRSS _ATION COSFFICIEN = "0.E28
ﬁEEIDJE; STANDARRD DEVIATION = G, lAgg
. V:w_'_' = |, &
DNE=2JDED FEOBARILITY LEVEL = . OO0
DIZE-REZFPONIE 12 SIGNIFICANT AT 0. 0100 LEVEL
F=-US_UJE FOR LATH=OF-FIT = 0.%1
PRIEAEILITY LEVEL = 0.72%1

LAY -COF=-FIT IS NOT SIGNIFICANT
NC DUTLYING POINTS DETECTED IN RESIDUALES FRUM LOG-LCOG MODEL
STRAIN TARISE7 WITHOUT MICROSOMES REQUIRES RETESTY

1 TREATMENTEZ ARE SIGNIFICANTLY GREATER THAN THE CONTROL AT P =  0.0100
LO0 8O~5=-12-272 JF4

|_|\

TRAIN TA1D37 WITHOUT MICROSOMES REQUIRES RETEST
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3, Baries

A
frandard
1¢.2

1

9 :; : i N ::. |
I T (2

Figure B-1. Gas chromstogram of pentane extracts from bio-
deyradation cf model JP-5, 16.25 uL-standard,
days 0, 3, 7,




Day 24

Figure B-2.

B, Series (continued)

-

e

._4

Gas chromatogram of pentane extracts from
bjodegradation of model JP=-5, B,~16.25 pL~-
standard, day 10, 18, 24.
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s ' H I
A H
Standard
16.2
N o v A .
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DBo ’ :
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l__/l&__ . [Jl
:
i,
c ‘ :
3 ’. H
Day ’ i ‘I ? : J
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4
D
Day 5

-t

-

e 23,

————

=

Figure B-3. Gas chromatogram of pentane extracts from
bicdegradation of model JP-5, B,-16.25 ulL-~-
standard, day 0, 3, 5.
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Ba Series {continued)

DayE7 ; | :
f;'. ; '
e il Al
DayFlG x : ' H
R N |
H
Deycle
4.
r‘/ bk ) 1
DayH24 t

b . 4% W
———

f -,
i . L.

-

Figure B-4. Gas chromatogram of pentane extracts from
. biodegradation of model JP-5, B,-16.25 uL-
standard, day 7, 10, 18, 24.
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Standard

Day 0

Day 3

Day 5
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Figure B-=K,
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Cy Series
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Gas chromatogram of pentane extracts from

standard, day 0, 3, 5.
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Cy Series (continued)
4

"o
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-

W .
AR o=
L X ]
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Figure B-6. Gas chromatogram of pentane extracts frow
biodegradation of model JP-5, C,-130 pL-
standard, day 7, 10, 18, 24.
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Ca Series
)
’ '-= ‘ is y
: ¢ ' ‘L
A
Standard .
130 mg/ul ‘ . :
‘ : ' : ' z
[__/[.-_.-- —_ 1 " . 111 __,_{_'_-_.._.
s 4
4 ¢ I
’ t: T ' i
’- N
B 1
Day 0
:

v
z 4
s 8 4
. -
R
C
Day 3 I :
i - 2
/L__ : | _ | 1
B !
|
s S 3
._t' :‘ ‘:: £
'
D z
Day 5 " A =
h S T I
iy 5 T I * |3
o Ao___._3=* M. ol B o

Figure B-7. Gas chromatogram of pentane extracts from
biodegradation of model JP=-5 C,-130 uL- |
standard, day 0, 3, 5. |
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Cy Series (continued)
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Position 1
Day
103 . 117 . 131

o
=~
-3
w
[
L
(%A

159 . 173

1,3,5-TRIMETHYLBENZENE
N-LECANE
UNDECANE

2.4 . 5-TETRAMETHYLBENZENE
1,2.2.4-TETRAMETHYLBENZENE
TETRALIN
NAF THALENE
DODECANE
<-METHTYLNAFTHALENE

Z,e-UIMETHYLNAFTHALENE
¢ Z-LIUETHYUNAFTHALENE
N-FELTADECANE

Position 2

Day
103 . 117 . 131

o

o

~J
w
f
o
(&
—
w
(¥ed
[
~J
L

5.2 3~TRIMETHYLBENZENE
N-LECANE

CWDETANE

1.2 4 5-TETRAMETHYLBENZENE
1.¢.5,4-TETRAMETHYLBENZENE
TETRALIN

ER: THRLENE

LIbt CANE

2-BETHSLNAT THALENE
N-TRIDEZANE

BIPHENTL
Z,6-DUIMETHYLNAF THALENE
Z,3~LINETHYLNAPTHALENE

N-PENTADECANE

Figure E-22. Transport of model JP-5 components
in Core 13* over time.

*Core 13 was studied in outdoor laboratory.
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Position 3
Day
62 . 75 . 103 . 117 . 131 . 145 159 . 173 .

1.3,5-TRIMETHYLBENZENE ] ]

B S .S SO o)

e e

N-DECANE
UNDECANE

1.2,4,5-TETRAMETHYLBENZENE ENENENENEREEEE RN
1,2,3,4-TETRAMETHYLBENZENE (HRENEDENNGNENNE ] ;
TETRALIN N SR é
NAPTHALENE ] by
DODECANE /
2-METHYLNAPTHALENE [ ] [ ] ‘, }
N-TRIDECANE
BIPHENYL s | ;
2,6-DIMETHYLNAPTHALENE L 17
2,3-DIMETHYLNAPTHALENE ] L y
N-PENTADECANE ] . [
¥
|
Iy
Figure E-22 (continued)
,'.’
H
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e T,

TABLE E-1. TRANSPORT SUMMARY OF MOQEL JP=-5
THROUGH OUTDOOR CORE 13

Fircere Day

pesition &2 75 103 117 131 145 159 173 187 201 214

1 10 10 13 10 7 10 5 0 - - -
2 - 2 6 7 6 6 4 0 - - -
3 10 ] & ¢ 5 5 5 3 - - - V
4 - 0 0 0 0 0 0 0 - - -
5 - G 0 0 C 0 0 0 0 - -
Eottom 0 o] 0 0 0 0 0 0 0 0 0 f
Yalues reported represent the number of peaks identified by f

GC analysis. Dashes indicate that no CC analysis was run
on that day.
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APPENDIX F

TRANSPOKRT OF MODEL JP=-5 1IN SMALL CORES
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APFENDIX G

HEAD'SFACE GASES
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Figure G-9.
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racted with methanol

day 75.

Gas chromatogram of component(s) ext
from Core 12's passive dosimeter on

Figure G-10.
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racted with pentane

s passive dosimeter on day 89.

Gas chromatogram of component(s) ext

from Core 12'

Figure G-11.
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APPENDIX H

WATER LEACHATE
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